Development of a tingle-food contingency ration which would meet NASA requirement! for storage stability, consumer, acceptability and nutrition was a unique challenge. Fortunately, US Army Natick Research and Development Laboratories (NLABS) scientists had successfully developed a family of flexibly packaged thermoprocessed cakes for use in the Meal, Ready-to-Eat Individual MRE), a new combat ration. Capitalizing on this accomplishment NLABS was able to expedite the development of a fruitcake suitable for contingency use.
Astronaut acceptance of this special nutrient fortified fruitcake had been confirmed on the Apollo 17 Flight, and therefore was included in the Skylab food supply as a contingency food. As a further testimony to its acceptability, NASA approved the consumption of some of this cake on Christmas Day 1973 as a holiday treat. Fruitcake it alto on the OFT Shuttle Flight menus. This report describes the results of a three-year storage study on fortified and unfortified fruitcake. 
INTRODUCTION
In 1968, the National Aeronautics and Space Administration (NASA) asked the US Army Natick Research and Development Laboratories (NLABS) to develop a contingency ration which would remain acceptable throughout three years ambient storage (21 °C), withstand short time exposure to temperatures ranging from -18°C to 38°C, and have the least possible volume. A thermoprocessed flexibly packaged fruitcake, 1 one of the approaches suggested by NLABS, was acceptable to NASA. NASA requested, in 1972 , that a nutritionally complete fruitcake be developed as an initial shuttle flight ration, to meet the Recommended Dietary Allowances (RDA) for males 22-35 years of age (2800 calories, 65 grams of protein and variable requirements for nine different vitamins and at least four minerals).
2 Analysis of the fruitcake developed by NLABS showed that 700 grams would supply 2800 calories, but required fortification with vitamins and minerals as well as doubling of the protein content.
NLABS' first approach was to identify appropriate protein sources for fortification. Soy sources were selected over the other available protein sources (eggs, non-fat milk, wheat gluten, etc.) to increase the protein content of the fruitcake. The use of soy concentrates and flours in proportions greater than 50 percent substitution of flour resulted in unacceptable products. When defatted soy flour (52.5 percent protein) was substituted for one-half of the cake flour in the Mason et al. formula, the product was considered acceptable by a technological panel. The resulting percent protein content of the product containing one-half soy flour and one-half cake flour was slightly low, being 7.5 percent instead of 9.3 percent (RDA) of total calories. Later, NASA determined that the protein content should remain at 7 to 8 percent of total calories to assure suitability for consumption as a contingency food, under conditions of limited water intake. Several other soy fortified cakes, including cherry nut and chocolate nut, were furnished to NASA for evaluation and comment. NASA indicated interest in the fruitcake sample only.
In 1972, NASA selected a nutrient fortified fruitcake for the Apollo 17 crew and requested: (1) sufficient product to meet Apollo 17 needs, (2) a space food prototype production guide (Appendix A), and (3) precise nutrient data. No vitamin fortification was prescribed in the production guide.
•O.E. Mason, G.L Schulz, P.H. Katz, J.W. Szczeblowski and D.E. Wescott. "Development of Flexibly-Packaged, Thermally-Processed Bakery Products," Activities Report, Vol. 17, p. 145-151, Fall 1965. Due to the leek of information on the tosses of vitamins during production, the amounts of vitamins and minerals required after processing were determined and added in doubled amounts to anticipate the Apollo 17 requirement Industry was contacted and confirmed the rationale for these initial levels of fortification. Nutritional analysis of the Apollo 17 product revealed that: a.
The protein level was adequate (7 to 8 percent of total calories).
b.
Additional magnesium was required.
c. Recovery of the vitamin A appeared poor. (It was later discovered that only 1/10 of the calculated amount of vitamin had been added.) d. Ascorbic acid and thiamin levels were adequate to cover processing losses; h ••er, both needed to be increased to assure adequate retention during storage for a year ;
8°C.
e. Water activity of the Apollo 17 product was 0.70; pH was 4.7.
It was expected that nutrient retention (dependent variable) would follow a dt d trend with increasing temperatures and storage time (independent variables), with the b .«wtest losses \n ascorbic acid (vitamin C) and thiamin. The basic intent was fortification of fruitcake to maintain nutrient retention of the RDA levels for 36 months at 21°C and 6 months storage at 38°C. The following hypothesis is thus stated conclusively: As storage time and temperature increases, nutrient retention and consumer acceptance of fortified fruitcake decreases.
EXPERIMENTAL METHODS AND PROCEDURES
A storage study was initiated on fruitcake produced in accordance with the same formula used for the Apollo 17 product, with nutrient levels increased as follows: Vitamin A was increased four-fold; thiamin was doubled; ascorbic acid was increased four-fold. An unfortified (control) fruitcake was also included in the stutJy.
MATERIALS
The ingredients used in this study were locally purchased. Section 3 of Appendix A lists the ingredients used and the formula for the unfortified fruitcake on a percent by weight basis. Three batches of 22.7-kg (50-lb) unfortified and fortified fruitcake were produced. The products were the same except for the addition of the following nutrients (per 22.7-kg batch) to the fortified product : 
Special Mixing Procedure« for Vitamin-Fortified Fruitcake
The vitamin premix was prepared by mixing 1.8 kg of granulated sugar with tour times the amount of all vitamins and magnesium sulfate required for a 22.7-kg (50-lb) batch of fruitcake. Each vitamin was mixed, using a spatula, with a small amount of sugar, then the remaining sugar was added using a Btakeslee Mixer on low speed. The premix was refrigerated until used. One-fourth of the premix, 0.57-kg (1.25-lb), was used in each fortified batch of fruitcake in lieu of one pound of the sugar specified in the basic formula. Each batch of the product was prepared and pouches were filled with 6 oz. of product, in accordance with the Space Food Prototype Production Guide included as Appendix A. Vacuum packaging and pasteurization were not required for the storage study.
Storage
Nutrient fortified and unfortified lots of fruitcake were stored for a total of three years at 4°C and 21 °C and for one year at 38°C. 
Nutrient Analyses
Samples withdrawn for nutrient analyses consisted of a total of 12pouches, four from each of the three batches of fruitcake. Subsequently, each 12-pouch aggregate was randomly divided into three four-pouch samples. Initial samples were analyzed for proximate, mineral, fatty acids ana vitamin content Stored samples were analyzed for moisture and vitamin content only. Previous experience in analyses of stored products indicated that mineral, proximate and fatty acid contents do not change significantly. All nutrient analyses were performed, in duplicate, by Shankman Laboratories which utilized standard methods specified in the contract.* No analyses for vitamin Bj 2 , vitamin E,and folk: acid were made as the contract did not include these nutrients. Standard statistical methods were used in data analyses (ANOVA, regression analysis, and iteratively-reweighted least-squares).
RESULTS ANO DISCUSSION
Sensory Analyses -Consumer Acceptance Table 2 presents the consumer ratings of the fortified and unfortified fruitcake stored at 4°, 21°, and 38°C. The mean and standard deviation with the results of Duncan's multiple range test are given. Figure 1 illustrates consumer ratings, with solid lines representing unfortified and broken lines representing fortified fruitcake. Initially, both the fortified and unfortified product received comparable "like moderately" ratings. At 4°C storage, both the fortified and the unfortified fruitcake remained stable throughout the three-year storage period. The statistical analysis showed that there were no significant differences due to fortification. In fact, throughout the entire storage study there was no significant difference between the ratings for fortified and unfortified samples. All significant differences in ratings were due to time, temperature, or the interaction of these.
During storage at 21 °C, samples fluctuated somewhat in acceptability but remained relatively stable throughout the first 18 months of storage. At 24 months, both the fortified and unfortified samples started to decline in acceptability, but at 36 months, ratings were still at the "like slightly" level.
Fortified and unfortified samples stored at 38°C declined in acceptability at the first withdrawal period. Subsequently, the acceptability leveled off and remained in the "neither like nor dislike" to "like slightly" range of acceptability from 6 to 9 months.
• •Unlike letters are significantly different at P < 0.05. Unfortified and fortified columns represent oneway ANOVA while the combined column represents a split-plot ANOVA.
• The results showed that there it no significant difference due to time and temperature at 4°C for three years. However, at 21 °C and 38°C there are significant differences due to time, but no significant differences due to fortification. After 0 and 12 months storage, a statistically significant difference in ratings of products stored at 21°C and 38°C occurred Indicating a preference for cake stored at 21 °C over that stored at 38°C. Table 3 summarizes the processing loss of vitamins experienced in the preparation of fruitcake for this study. Table 4 summarizes the proximate and mineral data for unfortified and fortified fruitcake. It will be noted that the only statistically significant differences in the data obtained are for calcium and magnesium, the two minerals which were added to the fortified lots of fruitcake. (Table 4) by seven shows that the 350 mg RDA for magnesium is met by 700 grams of fruitcake; the 800 mg for calcium is not. This is due to the fact that calcium was inadvertently added at one-half of the planned level. It affirms the need to double the calcium fortification. The RDA requirements for «•lories (2800) and protein (56 grams) are both met by 700 grams of fortified product. The RDA for phosphorus, iron and iodine are met by 700 grams of both the fortified and unfortified fruitcakes. Table 5 summarizes the fatty acid data obtained and shows that the fortified and unfortified lots of product were uniform in fatty acid composition.
Nutrient Analysis

Multiplication of the mean values of fortified fruitcake
Fatty Acid Analyses
Vitamin Analyses
Tables 6 and 7 represent the mean and standard deviations of the fruitcake stored at 4°C, 21 °C and 38°C for fortified and unfortified samples, respectively, on an as is (wet) basis of approximately 16 percent moisture. The fortified samples (Table 6 ) met NASA requirements for nutrient stability. Seven hundred grams provides the RDA at the time of production, after 12 months at 38°C and after three years at 4°C and 21 °C, with one exception; ascorbic acid was lost in processing (Table 3) . Table 8 provides the mean differences (on a moisture-free basis) obtained by correcting the values of the fortified fruitcake for the vitamin content of the unfortified fruitcake. Examination of the mean initial levels of riboflavin, niacin and pyridoxine for both the fortified and unfortified fruitcake (Table 6 and 7) show them to be lower than the levels found in corresponding samples ttond 3 months or longer. To correct for these apparently anomalous results (which were even more pronounced on a moisture-free basis), the analytical values for the samples stored 3 months at 4°C were substituted for the initial values in Table 8 . In spite of this adjustment the data in Table 8 fluctuate. This may be attributed to lack of homogeneity In the product rather than to time or temperature effects.
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The ascorbic acid data in Table 8 are at the minimum detection limit of the analytical method. At this level (2-3 mg ascorbic acid) the error estimate for a product like fruitcake -which requires grinding with water for uniformity -can be + 100 percent. This fact precluded analysis of the Table 8 ascorbic acid data.
REGRESSION ANALYSES
Figures 2 through 6 show the regression curves for vitamin fortification (excluding ascorbic acid) on the corrected difference data. This data was analyzed on a moisture-free basis from Table 8 at the various storage periods and temperatures. Table 9 The standard deviations &T9 indicated for vitamin A only since these are variable and frequently quite large. The increased levels of vitamin A found following storage at 4°C and 21°C, + 47 percent and ♦ 38 percent respectively, were not expected. The fact that the results followed a similar pattern at these temperatures leads one to suspect the problem lies in sample preparation and/or analyses. However, the uniformity of proximate, fatty acid and other vitamin data do not support an assumption that the variation in vitamin A content is 18 uz ■P"Wf"H The vitamin A retention of 148 percent for product stored at 4°C, and 138 percent for product stored at 21°C are significant (P < 0.05). The reasons for these increases are not known. However, these increase* could reflect; (1) differences due to procedures, (2) changes in personnel, (3) possible existence of inhibiting agents in the product which may initially alter measurement of the vitamin and disappear with storage, or (4) the development of an interfering compound in storage that results in an apparent increase and may even mask a decrease of the vitamin during storage. The decrease of 18 percent for product stored at 38°C is not statistically significant From the data obtained, it is considered that vitamin A is stable. However, the vitamin A level added to fruitcake could be reduced four-fold and 700 grams of product would still provide RDA requirements.
Thiamin (Figure 3}
Thiamin losses following three years storage at 4°C and 21°C are,respectively, 9 percent (not significant) and 13 percent (significant at P < 0.05), when compared to the initial value. During storage at 38°C, the projected losses (significant at P < 0.05) are: 17 percent after 3 months, 35 percent after 6 months and 69 percent after one year. Even so, 700 grams of fortified fruitcake stored one year at 38°C meets the 1968 (and 1980) ROA for thiamin.
Riboflavin (Figure 4)
The increased retentions of riboflavin in product stored at 4°C (± 8 percent) and at 38°C (i 7 percent) are not statistically significant. The change of 15 percent during storage at 21 °C is significant (P < 0.05). Riboflavin is normally stable during storage even at elevated temperatures.
Niacin (Figure 5)
The losses in niacin content after three years storage at 4°C and 21°C are 2 and 7 percent, respectively, and are not statistically significant. The projected loss of 12 percent following storage for one year at 38°C, while statistically significant (P < 0.05), is not large and is indicative of good stability for niacin.
Pyridoxine (Figure 6)
The projected loss in pyridoxine following three years storage at 4°C and 21 °C is 15 percent (not significant) and 20 percent, statistically significant,(P < 0.05), respectively. The toss of 16 percent after one year at 38°C is also significant (P < 0.05). However, none of these changes are great and pyridoxine is considered stable in fruitcake at the level added. Asterisks denote results where the nutrient was found to increase with time.
T c * + 0.298 at 95 percent confidence level, P * 0.05.
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•M-MMM 5. Throughout the storage study, consumer panels gave fortified and control (unfortified) fruitcakes equivalent acceptance ratings.
6. Thermoprocessed flexibly packaged fruitcake, receiving a "like moderately" hedonic rating at zero time, will drop one scale point to "like slightly" after three years at 4°C and 21°C or six months at 38°C. It will drop approximately two hedonic scale points to "neither like nor dislike" after 12 months at 38°C.
7.
The level of vitamin A supplied in 700 grams of fortified fruitcake was too high throughout the study, being four times the RDA (5000 I.U.) even after one year at 38°C. The demonstrated stability of Vitamin A added at four-fold the needed level cannot be extrapolated accurately to predict stability at one-fourth this level.
8.
Losses of ascorbic acid during processing (87 percent) prevented assessment of the stability of ascorbic acid in fruitcake. A two-fold increase in ascorbic acid is needed to compensate for processing losses. The data indicate that storage losses may occur, but the extent of such losses cannot be estimated. Even though ascorbic acid may prove unstable, its addition is recommended in view of the protective effect it provides other nutrients.
RECOMMENDATIONS
1. To assure that fruitcake is nutritionally complete (meets RDA), it is recommended that the nutritional phase of this study be repeated to: a.
Assess the stability of vitamin A when fortification level is reduced to one-fourth.
b.
Increase the level of ascorbic acid and determine losses during storage.
c.
Confirm that when calcium fortification is doubled the RDA is met.
d.
Determine the stability of the vitamins not covered in this study (B| 2 , E, and Folic Acid).
e.
Determine zinc content of fruitcake (the 1980 RDA requirement is 15 mg).
2.
It is further recommended that fortified cake-type product be considered for military ration use. It appears to have potential as a fortified ration component or as a single food supplement for use under conditions when it is desirable to boost calories but not protein and sodium levels. Fortified fruitcake meets the General Purpose Survival Food Packet nutritional criteria, however, its stability at 60°C is unknown. 5» 1.2 Package formation and closure -The pouches shall be made by heat sealing the sides and bottom with seals 3/8-inch + l/8-inch wide to form the slsts of pouches specified below:
First pouch for retorting:
6 os product -U-l/2 x 7 + 1/8 inch 3 ot product -U-l/2 x 5-1/2 + l/8 inch Second pouch for vacuum packaging:
6 ot product -U-3/U x S-l/ 1 * ± V 8 * n cn 3 ot product -U-3A x 5-1/2 + l/8 inch Seal strength shall be not less than 12 pounds per inch of width when tested in accordance with 4.1. The pouch opening shall be in one of the edges with the smaller dimension. Closure shall be effected by means of a heat seal 3/8-inch + l/8-inch wide. Care in filling and sealing shall be exercised to prevent any wrinkles in the sea», which may impair maintenance of a hermetic seal. Seal strength of the closure seal shall be not less than 12 pounds per inch width when tested in accordance with k.l. Pouches shall pass the vacuum cycling test of 4.2. Headspace gases shall be removed by vacuum sealing of the second pouch at not less than 28" of Mercury.
5.2 Labeling, Packing ahd Marking -Shall be as specified by NASA. The known independent variables in this study were: T = time of storage in months (0, 3, 6. 9, 12, 18, 24, 30, 36 Table 10 .
